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RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF LIP GEOMETIRY
ON DRAG AND PRESSURE RECOVERY OF A NORMAL-SHOCK NOSE
INLET ON A BODY OF REVOLUTION AT MACH NUWMBERS
OF 1.41 AND 1.81

By A. Warner Robins
STMMARY

A wind-tunnel investigetion has been made to determine some of the
effects of lip geometry on drag asnd pressure recovery of a normal-shock
nose inlet. Total-pressure recoveries, external drags, duct total-
pressure distributions, lip end forebody pressure distributions, and
schlieren photographe are presented. The models were tested at Mach
numbers of 1.41 and 1.81 with the Reynolds number varying from 1.2 X 105
to 1.8 x lO6 based on model maximum dismeter. Angle of attack was varied

from -5° to 15°.

The results indicate that the effects of 1lip blunting on external
drag at supersonic speeds are large. Outward lip camber Iincreases the
uniformity of duct total-pressure distributions over those for the inward-
cambered lip but showed higher spillage drags. The forebody half-angle
has a large effect on external drag, the 10° half-angle forebody config-
uration with sharp lip showing approximately twice the drag of the com-
parsble 5° configuration.

INTRODUCTION

Previous research (refs. 1 and 2) shows that, for normal-shock nose-
inlets, an advantage in external drag 1s obtained with the use of sharp
inlet lips. References 3 to 7, however, show substantial performance
losses due to the poor internal-flow characteristics of sharp-l}ipped con-
figurations at low speeds and at high-angle-of-attack operation up to
transonic speeds. Therefore, considerable knowledge of the effects of
l1ip geometry on drag, pressure recovery, and engine-face total-pressure
profiles is required in order to mske a rational choice in design.
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Since previous investigatlons have been insufficiently systematlc to
satisfy this requirement, a joint program wes undertaken at the Langley
8:foot transonic and the Langley 4~ by 4-foot supersonic pressure tumnels
to determine some of the effects of inlet-1lip geometry on drag and pres-
sure recovery at transonic and supersonic speeds. Reference 8 presents
the results for the transonic range, and the present paper presents those
for Mach numbers of 1.41 and 1.81.

This peper presents drasg, duct total pressures, and lip and forebody
pressures on models having a systematic variation in lip bluntness and
. 1ip camber for angles of attack from -5° to 15° and for Reynolds numbers,
based on model dismeter, from 1.2 X 106 to 1.8 x 10°.

SYMBOLS
A cross-sectional area
Ar fuselage maximum cross-sectlional area
a lip-profile axisl dimension (fig. 4)
b lip-profile radiel dimension (fig. &)
c lip-profile station (fig. 4)
2b/R lip-bluntness parameter
Cpy external-drag coefficient (based on Ap and defined in ref-
erence 8)
Cp pressure coefficient, P- %o
D body maximum diemeter
a distence from lip leading edge to model axis (fig. 4)
h% strain-gage axlal force
H total pressure
E aversge total pressure
M Mech number
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m internal mass-flow rate
' m
m/mo mass-flow ratio, m
N lip leading-edge station
D static pressure
a dynamic pressure
R inlet minimum radius
v veloclty
X distance measured parasllel to axis of body, positive downstream
(x = 0 at leading edge of 1lip 1A)
N distance from inlet axis to inlet 1lip
a angle of attack of model center line
o] nmass air density
Subscripts:
o free stream
1 inlet minimum area station
2 venturi rske station
b afterbody base annulus
c strain-gage chamber
d venturli dump
i inner
I3 lip i
o outer
mex meximum

adj adjusted
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A1l total-pressure date are shown wilthout subscript and are measured
at the pressure-recovery rake station. (See fig. 1.)

MODELS AND TESTS

Models

The layout of the models is shown in flgure 1. The duct area dis-
tribution is shown in figure 2. In order to accommodate the iInstrumenta-
tlon required, two interchangesble central bodies were employed; one was
rigidly connected to the sting and contained the pressure instrumentation,
and the other was connected through & strain-gasge balance end provided
for dreg measurements. Both central bodies could be fitted with the same
afterbody and with either of the two forebodies. An exit plug shown in
figure 1 was provided for mass-flow control.

The two forebody assemblies, noses 1 and 2, had 5° and 10° half-
sngles, respectively. Photographs of these forebodies and thelr inter-
changeable nose pieces are shown In figure 3.

Figure 4 shows the inlet-lip veriations tested. The ordinates for
these lips may be found in table I. The 1lips of configurations 1A to 1E
were generated by 2.5:1 ellipses and meke up a series in which bluntness
is progressively varied. The bluntness perameter used in this paper as
well as that used in reference 8 2b/R is the ratio of the length of the
minor dismeter of the lip-generasting ellipse to the inlet minimum radius.
It should be noted that a change in forebody fineness ratlo is necessarily
produced by a chenge in 1ip bluntness.

Lips 1C, 1G, end 1H comprise & lip-camber series in which 1lip blunt-
ness remains approximately the same. Lip 1F has & circular generstrix
end has its lesding edge at the same axial station as lips 1C, 1G, and 1H.

Lips 2A and 2B have the same degree of 1lip bluntness as lips 1A
end 1C, respectively, but are mounted on 10° half-sngle forebodies.

Ingtrumentation

The pressure model was fltted with two sets of internal survey rakes
as shown in figure 1. The forward reke system provided for the measure-
ment of the duct total-pressure data presented, whereas the rear rakes,
located in the venturl, were used for mass-flow measurement. Each model
was provided with a row of orifices extending from within the inlet at
the beginning of the curve of the inlet lip, aroumd the lip profile

Ry
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(except 1A and 2A), and along the surface of the model forebody. These
orifices were located in the angle-of-atteck plane on the upper surfaces.
Bage-pressure measurements were made on the annulus at the model exit and
in the venturl dump section.

The force-model instrumentetion did not provide for pressure meas-
urement at the forward reke statlon although the forward rake assembly
remained within the model throughout the force tests. The rear rake
assembly and the venturi-dump orifices, which were sting-mounted, were
used as in the pressure model. A strain-gege balance, located as shown
in figure 1, provided for drag measurements. Additional base-pressure
measurements were made in the balance chamber.

Test Conditlions

The test conditions for the pressure models were as follows:

Mech numbers . . . . . . e « + .+ 1.41 and 1.81
Reynolds numbers based on model maximum.diameter
AE Mg = 181 o o o v i e e e e e e e e e e e e e e, L8x 106
AE Mg = 108l « v v v e e e e e e e e e e e e e e . 1.6x 100
Stagnstion pressure, atm . . « « ¢« « + ¢ ¢ ¢ 0 0 e e e ... 0.95
Stagnation temperature, OF . .« « ¢ ¢« ¢« « + ¢« « ¢« ¢« « o+ « o« « 100

The test conditions for the force models are as follows:

Mach numbers . . . « + ¢« « 1.41 end 1.81
Reynolds numbers based on model maximum diameter'
o S R 0 1V To.
BE Mg = 1Bl v v v e e e et e e e e e e e e . L2x 100
Stagnation pressure, atm . « ¢« « + + ¢ ¢ e 2 e s 00« 075
Stagnation temperature, O°F . . + « « ¢« ¢ ¢ « « « ¢« 2+ s ¢« 4« « « 100

Boundary-layer trenslition waes fixed for each configuration by a
strip of carborundum grains in shellac encircling the model 1 inch back
of the 1lip leading edge.

RESULTS AND DISCUSSION

Presentation of Results

For the purpose of more clearly visualizing the Inlet opersting
conditions, a key figure with a system of symbols as shown near the top
of figure 5 is used as a guide for figures 6 to 12 and 16 to 18. Three
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operating conditions and thelr symbols are shown In figure 5 as follows:
supersonic flow Just back of the throat corresponding to the range indi-
cated by the cilrcular symbols in the key; sonic-throat flow without super-
sonlc flow back of the throat corresponding to the square symbols; and
subsonic-throat flow corresponding to the range indiceted by the diamond
and triangle symbols. The several symbols (dismond, triangle, and
inverted triangle) are used to more explicitly identify the portion of
the subsonle-throast range considered. Identification by actual value of
mass-flow ratlo 1s not made on the keyed figures since identical wvalues
of mass-flow ratio for different configurations do not necessarily cor-
respond to the same inlet operating condltions. This condition is a
result of the use of inlet minimum ares (same for all configurations) in
mass-flow ratlo calculations instead of actual capture area which varies
from model to model depending upon the degree of 1lip bluntness or camber.
For example, at supersonic speeds a mass-flow ratio of 1.0 for configura-
tion 1E (biunt 1ip)} would correspond to subsonic flow in the inlet throst,
and 1t would correspond to a choked-throst condition in configuration 1A
(sherp 1ip). In addition to the figure keys whlch serve only as & quall-
tative guide, numericel values of mass flow and average total-pressure
recovery are presented 1n table II.

Drag data are avellable for all configurations at both Mach numbers
1.41 and 1.81. Not all configurations were tested as pressure models,
however, so that a complete set of data is available only for configura-
tions 1A, 1C, 1E, 1G, 1H, end 2B. The figures are divided into several
groups according to the type of data presented.

Figure 6 shows the pressure distribution along the forebodies for
all the configurations tested as pressure models. In figure 7, pressure
distributions around the lip sections in the engle-of-attack plene for
configurations varying in lip bluntness (configurations 1A, 1C, and 1E)
are presented. Except for 5° angle-of-attack conditions, data for
upper lip sections only are shown. The pressure distributions on the
lower llp in the figures for 5° angle of attack were actually obtained
from messurements on the upper lips at -5° angle of attack. The corre-
sponding forebody pressure dlstributions, however, are presented in fig-
ure 6 as —5° angle-of-attack dats and are so listed in table II. The
same type of presentation 1s made in figures 8 and 9 in which data for
configurations varying in lip camber (configurstions 1G, 1C, and 1H),
and configurstions verying in forebody half-angle (configurations 1C
and 2B), respectively, are presented.. Lip pressure coefficients at
angles of attack of 0°, 5°, 10°, and 15° and Mach numbers of 1.4l and

1.81 are presented.

Figures 10, 11, end 12 show schlleren photographs of the flow at
the inlet at O° angle of attack and st Mach numbers of 1.41 and 1.81.
The photographs of figure }Q:are of configurations 14, 1C,: and 1E which

-~ RS REREN Ty S it
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vary in lip bluntness. The configurations vary in lip camber (configura-
tions 1G, 1C, and 1H) in figure 11. Figure 12 shows schlieren photographs
of two sets of configurations which vary in forebody half-angle, one set
with sharp inlet-lips (configurations 1A and 24), and another with mod-
erstely blunted 1ips (configurstions 1C and 2B).

Figures 13, 14, and 15 show average total-pressure-recovery results
and external drag coefficients for various angles of attack and Mach num-
bers of 1.41 and 1.81. In figures 16, 17, and 18 are presented the total-
pressure contours at the pressure-recovery rake (see £ig. 1) as seen
looking downstream. Data for various angles of sttack and Mach numbers
of 1.4] end 1.81 are shown. Figures 19 and 20 summsrize the drags at an
angle of attack of 00 for several configurations at transonic (ref. 8)
and supersonic speeds.

Discussion of Results

Surface-pressure distributions.- For the models tested, lip bluntness,
lip camber, mass-flow rate, and Mach number appear to have little or no
effect on the pressure distributions (fig. 6) back of a point approxi-

mately l% inlet dlameters from the inlet lip.

Average total-pressure recoveries and drags.- Figure 13 presents
average total-pressure recoveries for configurations 1A, 1C, and 1E and
external drasg coefficients for configurations 1A, 1B, 1C, 1D, and 1E.

At both Mach numbers 1.41 and 1.81, the average total-pressure recoveries
of these configurstions (1A, 1C, and 1E) were not appreciably different
although maximum mess flows for the blunt lips were greater then those
for the sharp-lip configuration, especilally at a Mach number of 1.81.
External drag coefficients are seen to vary with lip bluntness, although
the variation of external drag with mess flow was generally very similar
for all these configurations.

Figure 1k presents averasge totel-pressure recoveries and external
drag coefficients for the configurations verying in lip ceamber { configura-
tions 1G, 1C, and 1H). In addition, drag data for configuration 1F, the
1ip of which had a circular generatrix, ls presented. Average total-
pressure recoveries were gpproximately the same for the configurations
of the lip-camber series (1G, 1C, and 1H) except at the higher angles of
gttack where & reduction was found for the configuration with the inward-
cambered 1ip (1G). External drage for these configurations were approxi-
metely the same at meximum mass flows, configuration 1G generally exhib-
iting the lowest spillage drag.

The average total-pressure recoveries for configurations 1A, 1C,
and 2B, and the external drag coefficients of configurations 1A, 1C, 2A,
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and 2B are presented in figure 15. These configurations vary in fore-
body half-angle as well as in lip bluntness, configurations 1A and 2A
being sharp-lip iniets and configurations 1C end 2B having the same
degree of moderate bluntness. Average total-pressure recoverles for
configurations 1C and 2B are spproximately the same for all test con-
ditions. The drag penalty due to lip blunting for both the 5° and 10°
configurations was gppreclable.

It will be noted that, for all configurations tested, average total-
Pressure recoveries were within 1 percent of free-stream Pitot pressures
at the lowest mess flows and, except for the sharp-lip and inwerd-cembered-
lip configurations, these values of recovery were approximated at angles
of attack of 0° and 5° up to mass flows near choking. In addition, it
should be noted that values of mass-flow ratio throughout the paper are
erronecusly high. Note edpeclally the values for configuration 1A where
the maximum mass-flow ratio should not exceed unity. These errors are
assoclated with the use of an area-weighting method of caleculating
Internel-flow properties as reported in reference 9.

Duct total-pressure contours.- Total-pressure contours for some of
the configurations in the lip-bluntness series (configurations 1A, 1C,
and 1E) are presented in figure 16 in the form of contour plots. The
sharp-1ip configuration (configurstion 1A) showed less uniform distri-
butions than elther the configuration with the moderately blunted lip
(configuration 1C) or the configuration with the greatest lip bluntness
(configuration 1E) at high mass-flow rates and at the higher angles of
attack. The total-pressure distributions for the configuration with
maxlmum 1ip blunitness did not appear to be more uniform than those for
the configuration with moderate 1lip bluntness.

Figure 17 presents duct total-pressure distributions for the lip-
camber series (configurations 1G, 1C, snd 1H). For mass flows at which
the flow at the inlet throat is near sonic and for asngles of attack of
10°© end 15°, the configuration with inwerd lip camber (configuration 1G)
showed much poorer distributions than either the uncambered-lip configu-
ration or the configurstion with outwerd camber. The total-pressure dis-
tributions for the configuration with outward-cambered lips (configura-
tion 1H) 414 not, however, appear to be more uniform than those for the
configurstion without lip camber (configurstion 1C) at M = 1.41 but
did exhibit more uniformity at M = 1.81.

Total-pressure distributions for configurations 1C and 2B which had
the same lip bluntness but forebody half-angles of 5° and 10°, respec-
tively, are presented in figure 18. The differences in total-pressure
distribution are small between the two configuretions, configuration 1C
showing slightly more uniform distribution at M = 1.41.

g N R
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It will be noted that for all configurastions tested, with the excep-
tion of configurations 1A and 1G, duct total-pressure distributions were
generally good when compared with those of scoop inlets or external com-
pression inlets.

Summary of drag results.- Figure 19 presents a compilation of zero
angle-of-attack external-drag coefficients from reference 8 and present
data for the configurstions in the lip-bluntness series for mass flows
producing neer-sonic flow in the inlet throats. From Mach number 1.0
upward, drag penaltles assoclated with 1lip blunting generally become
increasingly large until at a Mach number of 1.81, for example, the drag
of the most blunt configuration is over 250 percent of the drag of the
sharp-lip configuration. This drag comperison, however, 1s unfair to
the configurations with 1lip bluntness, since, s is seen in figure 13,
the flow capacities of the nose inlets with blunt lips were greater than
those for the sharp-lip configurations at supersonic speeds. This effect
was most pronounced at a Mach number of 1.81. (See fig. 13(b).) If the
inlet openings were sized so as to produce & lip-bluntness series having
equal flow capacity, the minimum areas of the inlets would decrease with
increasing lip bluntness and the drag increments due to 1lip bluntness
would be partiaslly compensated for by the lower drag of the smaller inlet.
This system of sizing would result in a fair comparison at a partlcular
Mach number and at the maximum flow capecities of each of the inlets in
the bluntness series but would require data for a series of inlets having
the same ratio of true cepture area to maximum frontal aeree. The external
drag coefficients of figure 19 have therefore been adjusted accordingly.
These adjustments involved neglecting the difference in skin-friction
drag between the hypothetical body and that tested and assuming that the
pressures on the rear halves of the conflgurstion forebodies of those iIn
the lip-bluntness series could be extrapolated lineerly resrward. The
adjusted drag coefficient was then written:

Dmax, 1A Mmax
= C ——’—-{- [t
CDx,adj Dx m CP(” , )

where CP is the average pressure coefficient over the rearward portion

of the configurstion forebody in question. The term —e—— - 1 18,
Dmax, 1A .

in effect, the percent increase in configurastion frontel area required
to produce the same ratio of capture ares to maximum frontal area for
the inlets tested or
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10
Omax 4 _ Pe,eday - A
Mmex, 1A Ap

Values for mpgy for all blunt-llp configurations were not determined

for all test condltions and were therefore estimated. The resulting
estimated cgpture asreas did not exceed values for limiting contraction
for the Mach number considered.

The adjusted and unadjusted values of external drag coeffilcient are
plotted against the lip-bluntness parameter in figure 20. This figure
shows that for such normal-shock nose lnlets the overall varistion of
external dreg with 1ip bluntness would be essentially constant between
Mach numbers of 1.4 and 1.8 when the inlets are designed for the same
flow capacity and ere compared at & design Mach number.

CONCLUSIONS

An investigation of some of the effects of 1lip bluntness, llp camber,
and forebody sngle on pressure recoveries and external drags of a normal-
shock nose inlet at varilous angles of attack and at Mach numbers of 1.4l
end 1.81 indicates the following conclusions:

1. The effects of 1lip blunting on external drag at supersonlc speeds
were large.

2. A moderaste degree of lip bluntness gave a more uniform total-
pressure distribution than was messured for the sharp-lip configuration
at high mess flows and high angles of attack. Use of a high degree of
1lip bluntness gave no further improvement.

3. The configuration with outward camber showed more uniform duct
total-pressure distributions than the inward cambered configuration but

had higher splllege drags.

4. Forebody angle hed a large effect on external drag with the 10°
half-angle configuration having aprroximately twlice the external drag of
the comparable 5° configuration.

Langley Aeronsutical Leborstory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va., October 15, 1957.
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TABLE I.- COORDINATES OF INLET LIPS

[All coordinates are in inches]

Iip 1B

x Yo Y1
1.14% 1.3%05 1.305
1.145 1.31h% 1.296
1.151 1.323 1.287
1.161 1.332 1.278
1.177 1.341 1.269
1.202 1.350 1.260
1.281 1.362 1.250

Dimensions
Station N 1.143%
Station C 1.281
a .138
b .055
a 1.305
Lip 1D

x Yo Yi
3.429 1.416 1.416
3.435 1.4k37 1.395
3.446 1.k59 1.373
3. L6k 1.480 1.352
3.490 1.501 1.331
3.537 1.522 1.310
3.578 1.542 1.290
3,711 1.573 1.259
3.84k 1.586 1.250

Dimensions

Station N 3.429
Station C 3. 84L
8 L15
b .166
d 1.416

Lip 1C
x Yo bER
2,286 1.361 1.361
2.292 1.384 1.338
2.316 1.411 1.311
2.371 1,441 1.281
2.489 1.468 1.254
2.500 1.469 1.253
2.563% 1474 1.250
Dimensions
Station N 2,286
Station C 2.563
a 27T
b 111
d 1.361
Lip 1E
x Yo J1
L,572 1.b71 1.h71
4,578 1.502 1.440
4,595 1.533 1.409
4.63%0 1.567 1.375
4,661 1.591 1.351
4.710 1.617 1.325
L, 782 1,644 1.298
L.osh 1,681 1.261
5.125 1.698 1.250
Dimensions
Station N b, 572
Station C 5,125
) « 553
b 221
a. 1.h17

t COONEIDEREg,
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TABLE I.~ COORDINATES OF INLET LIPS - Comcluded

Lip 1F Lip 1G
x Yo Y1 x Yo vi
2.286 1.354 1.354 2.286 1.290 1.290
2.288 1.376 1.332 2.292 1.320 1.276
2.297 1.401 1.307 2.312 1.353 1.263
2.317 1.428 1.280 2.336 1.377 1.255
2.381 1.457 1.251 2.354 1.390 1.252
2.%90 1.458 1.250 2.386 1.409 1.250
2.436 1l.k32
Dimensions 2.652 1.481
2.781 1.ho3
Station N 2.286
Station C 2.3%0 Dimensions
a .10k
b <104 Station N 2.286
d 1.354 a 1.290
Lip 1H Iip 2B
x Yo Y1 x Yo Y1
2.286 1.410 1.410 1.134 1.370 1.370
2,288 1.419 1.395 1.142 1.397 1.343
2.296 1.430 1.375 1.168 1.426 1.31h
2.315 1.h42 1.350 1.227 1.457 1.283
2.349 1.453 1.324h 1.31h 1.479 1.261
2.353 1.454 1.321 1.434 1.250
2,411 1.461 1.294
2.h27 1.288 Dimensions
2.500 1.268
2.600 1.254 Station N 1.134
2.686 1.250 Station C 1.43%34
a - 300
Dimensions b .120
d 1.370
Station N 2.286
d 1.410
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TABLE IT.- MASS-FLOW RATIOS AND PRESSURE RECOVERIES
CORRESPONDING TO DATA POINTS IN FIGURES 6 TO 12
AND 16 TO 18

a = -5° o = 0° a = 5° a = 10° a = 15°
Symbol — — — — —
m/mo | H/Ho| m/mo| H/Ho| m/mo | E/Ho | m/mo | H/Ho | m/mo | B/Ho
Mo = 1l.41; configuration 1A
O 1.04| 0.90| 1.04| 0.91] 1.04 | 0.8 | 1.01] 0.89| 0.98} 0.82
O 98] .93| —===| -===| .98| .93 .95| .93| .88| .92
¢ 95! .ok] .98] .94{ .95| .94 | .89] .9k .84| .93
A 871 .95 .88 .o .87 94| .73| .95 .73| .95
v 60| .95f .s9! .95 .60| .95| .60| .95 .60| .95
Mo = 1.41; configuration 1C
O meme| mmee] cceef === 1.06 | 0.95]1.01] 0.93] 1.02] 0.90
0 1.07| 0.92} 1.07] 0.93| === | === | .95| .o4]| .ok| .92
<& | x.01) .obf1.01| .ob|1.0n| .ob| .8 .ou| .88| .93
A .85 .95| .89 .95| .85| .95| .13| 95| --=-|----
AV 60| .95{ .59} .95| .60| .95| .60{ .95| .60 .95
= 1.41; configuration 1E
O wcmw | mmmm | meee]| ===} 1.08|0.93 |1.07| 0.92 [ ===~ | ===-
O 1.07| 0.94| 1.09] o.94 ) 1.07| .9k |1.04| .95|1.04]0.89
$ | r.02] 94| r0o7| .9%f2.02f .9%|1.01] .9h|1.02| .91
A 8| .95 .89 .95 .85| .95 .73f .95| .73| -95
\V/ 60| .95| .60l .95f .60| .95| .60} .95| .60| .95
= 1.41; configuration 1G
© 1.07] 0.91| ~=a=| ==== | 1.07 {0.91 | 1.04| 0.90 | 1.00 ] 0.86
O mame | mmme [ 1,07 0.92 | cmmm | mmmm [ mmem | e [ e | e
< li1.01) 93| 1.01| .93f{1.0n| .95 .90} .93{ .87| .91
A 71 .95 718 95| 6| 95| -TTL 95f -THE .93
V. 52 .95 .52 .95 .52 .95| .52} 95| .52| .95
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TABLE II.- MASS-FLOW RATIOS AND FRESSURE RECOVERIES
CORRESPONDING TO DATA POINTS IN FIGURES 6 TO 12

AND 16 TO 18 - Continued

o = -5° a= 0° a = 5° a = 10° a = 15°
Symbol — — — — —
n/mo | B/Ho| m/mo| EfHo | m/mo| B/Ho | m/mo | E/Ho | m/mo | B/H,
Mo = 1.41; configuration 1H
O ] 1.08]0.92] --==] —am- '1.08[ 0.93 | 1.06 | 0.92{ 1.0k | 0.90
O 1.05| .93] 1.08] 0.93| 1.05| .93 | —=~=| ~===| .96| .93
O 97 .9kf r1.05f .93 .o7| .ok| .o7l .oh| —=e-| ----
A 8yl .95 .84 .95f .84 .95) 84| .95| .84| .9k
v 58| .95f .57 .95 .38} .95| .57| .95} 57| -95
Mg = 1.41; configuration 2B
O I I R N RN SN I I SN R
0 | 1.07|0.92f 1.07] 0.91] 1.07| 0.92}1.05] 0.91| 1.03]| 0.8
O 1.04f .92} 1.04| .92} 1.0%| .92|21.03| .92|1.01| .90
A LBl .ok .84} .95 84| .94 .84 .94f .83 .94
v .52 .95 .52| .95} .51} .95{ .52| .95| .52 .95
Mo = 1.81; configuration 1A
%3 1.02] 0.67| 1.03] 0.67} 1L.03| 0.67}{1.01 | 0.65} ~=me | ===
O 1.01{ .78} 1.02} .78| x.01} .78] .99 .76]0.94}| 0.7k
A 761 .e| .761 .80 .75| .80 | .75| .8 | .715| .79
v L46] .81 461 .80} .46 .80 | 45| .80} .46] .8
Mg = 1.81; configuration 1C
'E? 1.16] 0.75] —eme| mmme | oo} c== J 122|072 | o= m | —==-
——eef---=-}21.27}0.77| 1.26| 0.TT | 1.08] .7T|0.98]|0.75
< tiaof .79) 110 .79} 1.0 .78[1.02| 78} --on] -2
A 92| .8] .91] .80} .or| .79} 76| .&| %[ .79
v 16| .| k6| .s0| .| .8 46| .80 .46| .&
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TABLE II.- MASS-FLOW RATIOS AND PRESSURE RECOVERIES
CORRESPONDING TO DATA POINTS IN FIGURES 6 TO 12

AND 16 TO 18 - Concluded

a = =59 a = 0° a = 5° a = 10° a = 15°
Symbol — — — —_ —
m/mg | B/, | m/mg | B/Bo | m/mg | B/Ho | m/mg | B/He | m/mg | B/Eo
= 1.81; configuration 1E
O S D I DU RN R S NN I
0 cmme | e | e | e} e | ===} 2,13 | 0.75 | 1.09] 0.72
& |iarlooel1arloelrar]| 0.8 —=—= [ -——= [ 1.05| 7%
A 91} .8} .orf .79{ .9L| .80} .76} .80 .74] .78
v 46| 80| .| .80| 6| .80 .u6| .80 46| .79
Mo = 1.81; configurstion 1G
O e | e 2,23 0073 | e | e | e | = | emen | e
EJ 1.12|0.76}1.09( .78|1.12]0.75}1.07 {0.73}1.01|0.T1
O 1.09| .7811.02} .79{1.09} .T7i12.03| .75 .99 .72
A 91| .80| .92} .8} .91} .79} .8 | .79| .87| .75
v Ai6f .s0| 46| .80} .46 .80 .46| .8| 46| .80
Mo = 1.81; configuration 1H
O I D Y R D U DN D N
U 1.17lo.77{1.16]0.78}1.16}{0.77 | 1.15 |0.76 | 1.10 | O.73
< (10) .79l1a0) .79l1.10f .79]1.09] 78| 1.06| .76
A 91| .80} .9p| .8} .91} .80 .91 | .80| .90} .79
v 461 80| w5 .80} 45} .80} 45| 80| u6] .8
Mo = 1.81; configuration 2B
O | cooo [ mmom | mme | mmem fmmme | mmmm [ mem fomm= | 1,06 [ 0.67
O |zas{og7]r.a5to0.77 .23 0.76 [ 2111 [o.75 | ~onm | ===
< 1.09| .78}1.12}) .78|1.09| .78|1.09 [ .77 |1.04| .71
A .85| .80} .87y .80 | .85 .80| .85 | .80} .85 .78
v A5 .80 47| .80 45| 80| 45| 80| 46| .80
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Figure 5.- Scheme'of‘désignation of type of inlet operation.
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Figure 6.- Continued.
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Figure 6.- Continued.
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flgurations In the lip-bluntness series.
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(g) o = 10° Mo = 1.8L.

Figure T.- Continued.
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(h) @ = 15% M, = 1.81.
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Figure B.- Pressure coefficlents around the inlet lips in the engle-of-attack plane for con-
figurations in the lip-camber series.
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Figure B.- Continued.
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(d) o =15% M, = 1,41,

Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 9.~ Pressure coefficients around the inlet lips in the angle-of-attack plane of con-
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Figure 9.- Continued.
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Figure 9.~ Continued.
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(d) o =15°% Mg = 1.41.

Figure 9.~ Continued.
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(e) o =09 M, = 1.81.

Figure 9.- Continued.
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(£) o =5% M = 1.8,

Figure 9.- Continued.
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(h) o = 15% M, = 1.81.

Figure 9.- Concluded.
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L-57-162k

Flgure 10.- Schlieren photographs of flow at the inlets for configura~
tions in the lip-bluntness series at « = O°. -
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(b) Mo = 1.81.

L-57-1625
Figure 10.- Concluded.
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Figure 11.- Schlieren photographs of flow at the inlets for configure-
tions in the lip-camber series at o = 0°.
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Figure 1l.- Concluded.
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1A 2A IC 2B

(a) Mg = 1.h1. L-57-1628

Figure 12.- Schlieren photographs of flow at the inlets for configura-
tions having 5° and 10° forebody balf-angles with sharp lips and
moderately blunt lips. o = 0C.
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Figure 1lk.- Average total-pressure recoveries and external drag coeffi-
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Figure 16.- Duct total-pressure distributions for the inlet configura-
tlons in the lip-bluntness series.
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(b) @ =59 My = 1.L1.

Figure 16.- Continued.
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(e} o = 10°% Mo = 1.41.

Figure 16.- Continued.
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(d) « =159 My = 1.L41.,

Figure 16.- Continued.

Shaded aresa indicates reverse flow.
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(e) a«=0° M, = 1.81.

Figure 16.- Continued.
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(£) @ = 5% M, = 1.81.

Figure 16.- Continued.
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(8) o = 109 My = 1.81.

Figure 16.- Continued.
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(a) a« = 0% M, = 1.h1.
o

Figure 17.- Duct total-pressure distributions for the inlet configura-
tions in the lip-camber series. Shaded areas indicate reverse flow.
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Figure 17.- Continued.
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o

(¢) o =10% Mgy = 1.41.

Figure 17.- Continued.
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(d) o =15% M, = 1.41,

Figure 17.- Continued.
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(e) @ = 0% M, = 1.81.

Figure 17.~ Continued.
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(h) o =15% M, = 1.81.

Figure 17.- Concluded.



NACA RM L5TKO8 SNSRI AT ‘ 87
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(a) o =09 My = 1.h1.

Figure 18.- Duct total-pressure distributions of inlet configurations
with the same degree of lip bluntness but having 5° and 10° forebody
helf-angles. Shaded areas indlicate reverse flow.
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() o« = 5% My = 1.41.,

Figure 18.- Continued.
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(o]
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o = 10% My = 1.41.

Figure 18.- Continued.
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(d) @ =159 M, = 1.41.

Figure 18.- Continued.
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(e) « = 0% M, = 1.81.

Figure 18.- Continued.
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(£} o =59 M, = 1.81.

Figure 18.- Continued.
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(8) o = 10°% Mg = 1.81.

Figure 18.- Continued.
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(h) @ = 159 Mgy = 1.81.

Figure 18.- Concluded.
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Figure 19.- Comparison of external drags of configurations varying in lip bluntness for condi- ‘\{ﬁ‘
tions of nesr-sonic flow in the throats. a = 0°.
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